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(57) ABSTRACT 

An under-ball-metallurgy layer betWeen a bonding pad on a 
chip and a solder bump made With tin-based material is 
provided. The under-ball-metallurgy layer at least includes 
an adhesion layer over the bonding pad, a nickel-vanadium 
layer over the adhesion layer, a Wettable layer over the 
nickel-vanadium layer and a barrier layer over the Wettable 
layer. The barrier layer prevents the penetration of nickel 
atoms from the nickel-vanadium layer and reacts With tin 
Within the solder bump to form inter-metallic compound. 
This invention also provides an alternative under-ball 
metallurgy layer that at least includes an adhesion layer over 
the bonding pad, a Wettable layer over the adhesion layer 
and a nickel-vanadium layer over the Wettable layer. The 
nickel Within the nickel-vanadium layer may react With tin 
Within the solder bump to form an inter-metallic compound. 

19 Claims, 5 Drawing Sheets 
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UNDER-BALL-METALLURGY LAYER 

CROSS REFERENCE TO RELATED 
APPLICATIONS 

This application claims the priority bene?t of TaiWan 
application serial no. 91125098, ?led Oct. 25, 2002. 

BACKGROUND OF INVENTION 

1. Field of Invention 

The present invention relates to an under-ball-metallurgy 
layer. More particularly, the present invention relates to an 
under-ball-metallurgy layer structure capable of increasing 
the bonding strength betWeen the bonding pad on a chip and 
a solder bump. 

2. Description of Related Art 
Flip chip bonding technique is a method of joining a chip 

With a substrate or a printed circuit board (PCB). The chip 
has an active surface With a plurality of bonding pads 
arranged into an array. Each bonding pad on the chip has an 
under-ball-metallurgy layer (UBM) and a solder bump. 
Hence, the solder bumps may connect With a corresponding 
set of contact pads on the substrate or printed circuit board 
When the chip is ?ipped over. Note that the ?ip chip 
technique is able to produce a high-pin-count package With 
a smaller overall area and a shorter circuit length. 
Consequently, most semiconductor manufacturers have 
adopted the ?ip chip technique to fabricate chip packages, 
especially the high pin count packages. 

FIG. 1 is a schematic cross-sectional vieW of a portion of 
a conventional ?ip chip. As shoWn in FIG. 1, the ?ip chip 
100 includes a chip 110, an under-ball-metallurgy layer 120 
and a plurality of solder bumps 130 (only one is shoWn). The 
chip 110 has an active surface 112 With a passivation layer 
114 and a plurality of bonding pads 116 thereon. The 
passivation layer 114 eXposes the bonding pads 116. Note 
that the active surface 112 of the chip 110 is the side of the 
chip 110 having most active devices. The under-ball 
metallurgy layer 120 is formed betWeen the bonding pad 116 
and the solder bump 130 to serve as a junction interface. 

The under-ball-metallurgy layer 120 further includes an 
adhesion layer 122, a barrier layer 124 and a Wettable layer 
126. The adhesion layer 122 is fabricated using a material 
such as aluminum or titanium for boosting the bonding 
strength betWeen the bonding pad 116 and the barrier layer 
124. The barrier layer 124 is fabricated using a material such 
as nickel-vanadium alloy for preventing the diffusion of 
metallic atoms from a metallic layer above the barrier layer 
124 to a metallic layer beloW the barrier layer 124 and vice 
versa. The Wettable layer 126 is fabricated using a material 
such as copper for boosting the Wetting capacity of the 
under-ball-metallurgy layer 120 toWards solder bump 130 
material. Note that lead-tin alloy is normally used to fabri 
cate the solder bump 130 due to its greater overall bonding 
strength. HoWever, because of possible pollution of the 
environment, lead-free solder material is often adopted. In 
general, both lead-containing and lead-free material contains 
tin as a principle ingredient. 

If copper is a major constituent of the Wettable layer 126, 
tin Within the solder bump 130 may react With copper inside 
the Wettable layer 126 during a re?oW process and lead to 
the formation of inter-metallic compound (IMC), in other 
Words, Cu6Sn5. Gradually, an inter-metallic compound 
(IMC) layer (not shoWn) is formed betWeen the Wettable 
layer 126 and the solder bump 130. In addition, if nickel 
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2 
vanadium alloy is a major constituent of the barrier layer 
124, tin Within the solder bump 130 may ?rst react With 
copper inside the Wettable layer 126 to form an inter 
metallic compound (IMC) Cu6Sn5. Thereafter, tin Within the 
solder bump 130 may continue to react With nickel Within 
the barrier layer 124 to form another inter-metallic com 
pound Ni3Sn4. Note that tin Within the solder bump 130 and 
nickel Within the barrier layer 124 react to produce inter 
metallic compound Ni3Sn4, Which is lumpy and 
discontinuous, after a long re?oW process. In the presence of 
the lumpy inter-metallic compound, bonding strength of the 
solder bump 130 to the underlying under-ball-metallurgy 
layer 120 is Weakened. Hence, the solder bump 130 may 
peel off from the chip leading to a deterioration of product 
reliability and yield. 

SUMMARY OF INVENTION 

Accordingly, one object of the present invention is to 
provide an under-ball-metallurgy layer betWeen a bonding 
pad of a chip and a solder bump for reducing the groWth rate 
of inter-metallic compound Ni3Sn4. Ultimately, bonding 
strength betWeen solder bump and bonding pad can be 
maintained for a very long time and Working life of asso 
ciated chip package can be eXtended. 

To achieve these and other advantages and in accordance 
With the purpose of the invention, as embodied and broadly 
described herein, the invention provides an under-ball 
metallurgy layer structure betWeen a bonding pad of a chip 
and a tin-based solder bump. The under-ball-metallurgy 
layer at least includes an adhesion layer over the bonding 
pad, a nickel-vanadium layer over the adhesion layer, a 
Wettable layer over the nickel-vanadium layer and a barrier 
layer over the Wettable layer. The barrier layer prevents the 
penetration of nickel atoms from the nickel-vanadium layer 
and reacts With tin Within the solder bump to form inter 
metallic compound. In addition, the barrier layer is fabri 
cated using a material selected from a group consisting of 
nickel, iron and cobalt. Furthermore, the under-ball 
metallurgy layer may include another Wettable layer over the 
nickel-vanadium layer. 

This invention also provides an alternative under-ball 
metallurgy layer structure betWeen a bonding pad of a chip 
and a tin-based solder bump. The under-ball-metallurgy 
layer at least includes an adhesion layer over the bonding 
pad, a Wettable layer over the adhesion layer and a nickel 
vanadium layer over the Wettable layer. The nickel 
vanadium layer may react With tin Within the solder bump to 
form inter-metallic compound. Furthermore, the under-ball 
metallurgy layer may include another Wettable layer over the 
nickel-vanadium layer. 

It is to be understood that both the foregoing general 
description and the folloWing detailed description are 
exemplary, and are intended to provide further explanation 
of the invention as claimed. 

BRIEF DESCRIPTION OF DRAWINGS 

The accompanying draWings are included to provide a 
further understanding of the invention, and are incorporated 
in and constitute a part of this speci?cation. The draWings 
illustrate embodiments of the invention and, together With 
the description, serve to eXplain the principles of the inven 
tion. 

FIG. 1 is a schematic cross-sectional vieW of a portion of 
a conventional ?ip chip. 

FIG. 2A is a schematic cross-sectional vieW of a ?rst 
under-ball-metallurgy layer structure betWeen the bonding 
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pad of a chip and a solder bump according to one preferred 
embodiment of this invention. 

FIG. 2B is a schematic cross-sectional vieW of a ?rst 
under-ball-metallurgy layer structure betWeen the bonding 
pad of a chip and a solder bump just like the one in FIG. 2A 
but With the addition of a Wettable layer. 

FIG. 3A is a schematic cross-sectional vieW of a second 
under-ball-metallurgy layer structure betWeen the bonding 
pad of a chip and a solder bump according to one preferred 
embodiment of this invention. 

FIG. 3B is a schematic cross-sectional vieW of a second 
under-ball-metallurgy layer structure betWeen the bonding 
pad of a chip and a solder bump just like the one in FIG. 3A 
but With the addition of a Wettable layer. 

DETAILED DESCRIPTION 

Reference Will noW be made in detail to the present 
preferred embodiments of the invention, eXamples of Which 
are illustrated in the accompanying draWings. Wherever 
possible, the same reference numbers are used in the draW 
ings and the description to refer to the same or like parts. 

FIG. 2A is a schematic cross-sectional vieW of a ?rst 
under-ball-metallurgy layer structure betWeen the bonding 
pad of a chip and a solder bump according to one preferred 
embodiment of this invention. The ?ip-chip package 200 in 
FIG. 2A includes a chip 210, a composite under-ball 
metallurgy layer 220 and a plurality of solder bumps 230 
(only one is shoWn). The chip 210 has an active surface 212 
having a passivation layer 214 and a plurality of bonding 
pads 216 (only one is shoWn) thereon. The passivation layer 
214 exposes the bonding pads 216. Note that the chip 210 is 
fabricated using a semiconductor material such as silicon, 
germanium, silicon/germanium, gallium/arsenic, gallium/ 
phosphorus, indium/arsenic or indium/phosphorus. The 
active surface 212 is the side of the chip 210 having the most 
active devices. The passivation layer 214 is fabricated using 
an inorganic substance such as silicon oXide, silicon nitride 
or phosphosilicate glass (PSG). The passivation layer 214 
can also be a composite layer comprising a stack of inor 
ganic material layers. The bonding pads 216 are fabricated 
using a metallic material such as aluminum, copper or an 
alloy of the tWo. In addition, the under-ball-metallurgy layer 
220 serves as a junction interface betWeen the bonding pad 
216 and the solder bump 230. 
As shoWn in FIG. 2A, the under-ball-metallurgy layer 220 

further includes an adhesion layer 222, a nickel-vanadium 
layer 224, a Wettable layer 226 and a barrier layer 228. The 
adhesion layer 222 provides a good bondability betWeen the 
under-ball-metallurgy layer 220 and the bonding pad 216. In 
general, the adhesion layer 222 is fabricated using a material 
such as titanium, tungsten, titanium-tungsten alloy or chro 
mium. HoWever, the adhesion layer 222 may also be a 
composite layer fabricated using some of the aforemen 
tioned materials as Well. The adhesion layer 222 is formed, 
for example, by sputtering over the bonding pad 216 of the 
chip 210 to a thickness betWeen about 0.1 to 1 pm. The 
nickel-vanadium layer 224 is formed, for eXample, by 
sputtering over the adhesion layer 222 to a thickness 
betWeen about 0.1 to 1 pm. The Wettable layer 226 is fanned 
over the nickel-vanadium layer 224 in an electroplating/ 
electroless plating or a sputtering and electroplating/ 
electroless plating operation. The Wettable layer 226 Is able 
to Wet the bump material so that bonding strength betWeen 
the tWo is improved. The Wettable layer 226 having a 
thickness betWeen about 0.3 to 1 pm is fabricated using a 
material such as copper, nickel, iron, cobalt or metallic alloy. 
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4 
As shoWn in FIG. 2A, the barrier layer 228 is formed over 

the Wettable layer 226. Since the barrier layer 228 mainly 
serves to prevent nickel atoms Within the nickel-vanadium 
layer 224 from diffusing into the solder bump 230, the 
barrier layer 228 must have properties for blocking nickel 
penetration. The barrier layer 228 is fabricated using a 
material such as nickel, iron, cobalt or metallic alloy. The 
barrier layer 228 can also be a composite layer that includes 
a stack of metallic layers fabricated using the metals or 
metallic alloy. The barrier layer 228 having a thickness 
betWeen about 0.3 to 1 pm is formed over the Wettable layer 
226, for eXample, by electroplating. Tin Within the solder 
bump 230 may react With the barrier layer 228 to form an 
inter-metallic compound that reduces the groWing rate of 
inter-metallic compound Ni3Sn4 resulting from a reaction 
betWeen the tin Within the solder bump 230 and the nickel 
Within the nickel-vanadium layer 224. 
As shoWn in FIG. 2A, the solder bump 230 is formed over 

the under-ball-metallurgy layer 220. The solder bump 230 is 
fabricated using a material such as lead-tin alloy. In general, 
the solder bump 230 may contain 63% of tin and 37% of lead 
or 5% tin and 95% lead. The solder bump 230 can also be 
a composite layer With each layer having one of the afore 
mentioned lead-tin compositions. HoWever, the solder bump 
230 can also be fabricated using a lead-free material, for 
eXample, tin, tin-copper alloy, tin-technetium alloy, tin 
bismuth alloy, tin-indium alloy, tin-Zinc alloy, tin-silver 
alloy, tin-bismuth-silver alloy, tin-bismuth-technetium alloy, 
tin-bismuth-Zinc alloy, tin-bismuth-indium alloy or tin 
silver-copper alloy. Note that the principle goal of this 
invention is to provide an under-ball-metallurgy layer 220 
capable of preventing the formation of lumpy and discon 
tinuous inter-metallic compound due to a reaction betWeen 
the nickel Within the nickel-vanadium layer 224 and the tin 
Within the tin-based solder bump 230. 

FIG. 2B is a schematic cross-sectional vieW of a ?rst 
under-ball-metallurgy layer structure betWeen the bonding 
pad of a chip and a solder bump just like the one in FIG. 2A 
but With the addition of a Wettable layer. In FIG. 2A, the 
barrier layer 228 is formed over the Wettable layer 226. 
When the material forming the barrier layer 228 cannot 
provide a good bonding strength betWeen the under-ball 
metallurgy layer 220 and the solder bump 230, an additional 
Wettable layer 232 may form on the barrier layer 228 as 
shoWn in FIG. 2B. The added Wettable layer 232 may be 
fabricated using a material such as copper or copper alloy. 
Since the structural, material, processing and thickness 
relationship betWeen various other layers Within the under 
ball-metallurgy layer 220 remain unchanged, detailed 
description of each layer is not repeated here. 

Similarly, to reduce the formation of lumpy and discon 
tinuous inter-metallic compound due to reaction betWeen the 
tin Within the solder bump and the nickel Within the barrier 
layer, this invention also provides a second under-ball 
metallurgy layer design as shoWn in FIGS. 3A and 3B. 

FIG. 3A is a schematic cross-sectional vieW of a second 
under-ball-metallurgy layer structure betWeen the bonding 
pad of a chip and a solder bump according to one preferred 
embodiment of this invention. The ?ip chip structure 300 in 
FIG. 3A includes a chip 310, a composite under-ball 
metallurgy layer 320 and a plurality of solder bumps (only 
one is shoWn). Because the ?ip chip structure 300 is very 
similar to the ?ip chip structure 200 in FIG. 2A, only the 
under-ball-metallurgy layer 320 is described in detail. The 
under-ball-metallurgy layer 320 mainly comprises an adhe 
sion layer 322, a Wettable layer 324 and a nickel-vanadium 
layer 326. The adhesion layer 322 is formed over the 
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bonding pad 316, the Wettable layer 324 is formed over the 
adhesion layer 322 and the nickel-vanadium layer 326 is 
formed over the Wettable layer 324. The solder bump 330 is 
formed over the nickel-vanadium layer 326. Note that the 
Wettable layer 324 and the nickel-vanadium layer 326 Within 
the under-ball-metallurgy layer 320 are the same as the 
nickel-vanadium barrier layer 124 and the Wettable layer 
126 in FIG. 1 With their positions reversed. 
As shown in FIG. 3A, if the major constituent of the 

Wettable layer 324 is copper and the major constituent of the 
nickel-vanadium layer 326 is nickel-vanadium alloy, nickel 
Within the nickel-vanadium layer 326 may react With tin 
Within the solder bump to form inter-metallic compound 
Ni3Sn4 after a thermal treatment (such as a re?oW process). 
HoWever, the inter-metallic compound is no longer in a 
lumpy and discontinuous structure. Hence, the original 
bonding strength betWeen the solder bump 330 and the 
bonding pad 316 can be maintained for a very long time. In 
addition, a sputtering method may be employed to form the 
nickel-vanadium layer 326 over the Wettable layer 324 if the 
principle constituent of the nickel-vanadium layer 326 is 
nickel-vanadium alloy. 

FIG. 3B is a schematic cross-sectional vieW of a second 
under-ball-metallurgy layer structure betWeen the bonding 
pad of a chip and a solder bump just like the one in FIG. 3A 
but With the addition of a Wettable layer. To increase the 
bonding strength betWeen the under-ball-metallurgy layer 
320 and the solder bump 330, an additional Wettable layer 
328 may form over the nickel-vanadium layer 326 just like 
the under-ball-metallurgy layer 220 shoWn in FIG. 2B. The 
Wettable layer 328 is fabricated using a metallic material that 
can Wet the solder bump 330 material such as copper or 
copper alloy. 

The ?rst type of under-ball-metallurgy layer structure is 
an improvement on the nickel-vanadium barrier layer of a 
conventional under-ball-metallurgy layer. The ?rst type of 
under-ball-metallurgy layer has an additional barrier layer 
formed over the Wettable layer of a conventional under-ball 
metallurgy layer for reacting With the tin Within the solder 
bump to form an inter-metallic compound. Hence, groWth 
rate of inter-metallic compound Ni3Sn4 due to reaction 
betWeen the tin Within the solder bump and the nickel Within 
the nickel-vanadium layer (nickel-vanadium alloy barrier 
layer) is effectively reduced. In this Way, the original bond 
ing strength betWeen the solder bump and the bonding pad 
can be maintained for a very long time so that the solder 
bump rarely peels aWay from the under-ball-metallurgy 
layer. In other Words, the ultimately formed chip package 
can have a longer Working life. 

Similarly, the second type of under-ball-metallurgy layer 
structure is also an improvement on the nickel-vanadium 
barrier layer of a conventional under-ball-metallurgy layer. 
The second type of under-ball-metallurgy layer includes a 
nickel-vanadium barrier layer and a Wettable layer just like 
a conventional under-ball-metallurgy layer eXcept that the 
position of the tWo layers are reversed. Hence, the nickel 
vanadium layer is closer to the solder bump. During a re?oW 
operation, nickel Within the nickel-vanadium layer may 
react With tin Within the neighboring solder bump to form an 
inter-metallic compound Ni3Sn4 no longer gathered into 
discontinuous lumps. In this Way, the original bonding 
strength betWeen the solder bump and the bonding pad can 
be maintained for a very long time so that the solder bump 
rarely peels aWay from the under-ball-metallurgy layer. In 
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6 
other Words, the ultimately formed chip package can have a 
longer Working life. 

It Will be apparent to those skilled in the art that various 
modi?cations and variations can be made to the structure of 
the present invention Without departing from the scope or 
spirit of the invention. In vieW of the foregoing, it is intended 
that the present invention cover modi?cations and variations 
of this invention provided they fall Within the scope of the 
folloWing claims and their equivalents. 
What is claimed is: 
1. An under-ball-metallurgy layer betWeen a bonding pad 

on a chip and a solder bump, Wherein material of the solder 
bump includes tin, the under-ball-metallurgy layer at least 
comprising: 

an adhesion layer over the pad With a portion of said 
adhesion layer being direct contact With said bonding 
Pad; 

a Wettable layer over the adhesion layer; and 

a nickel-vanadium layer over the Wettable layer. 
2. The under-ball-metallurgy layer of claim 1, Wherein the 

adhesion layer includes one selected from the group con 
sisting of titanium, tungsten, titanium-tungsten alloy and 
chromium. 

3. The under-ball-metallurgy layer of claim 1, Wherein the 
nickel-vanadium layer includes a sputtering nickel 
vanadium layer. 

4. The under-ball-metallurgy layer of claim 1, Wherein the 
Wettable layer includes one selected from the group con 
sisting of copper, nickel, iron and cobalt. 

5. The under-ball-metallurgy layer of claim 1, Wherein the 
under-ball-metallurgy layer may further include a second 
Wettable layer made of copper or copper alloy over the 
nickel-vanadium layer. 

6. An under-ball-metallurgy layer betWeen a bonding pad 
on a chip and a solder bump, Wherein material of the solder 
bump includes tin, the under-ball-metallurgy layer at least 
comprising: 

an adhesion layer over the bonding pad; 
a nickel-vanadium layer over the adhesion layer; 

a Wettable layer over the nickel-vanadium layer; and 
a barrier layer over the Wettable layer. 

7. The under-ball-metallurgy layer of claim 6, Wherein the 
barrier layer includes a material selected from the group 
consisting of nickel, iron and cobalt. 

8. The under-ball-metallurgy layer of claim 6, Wherein the 
adhesion layer includes one selected from the group con 
sisting of titanium, tungsten, titanium-tungsten alloy and 
chromium. 

9. The under-ball-metallurgy layer of claim 6, Wherein the 
Wettable layer includes one selected from the group con 
sisting of copper, nickel, iron and cobalt. 

10. The under-ball-metallurgy layer of claim 6, Wherein 
the adhesion layer includes a sputtering adhesion layer 

11. The under-ball-metallurgy layer of claim 6, Wherein 
the nickel-vanadium layer includes a sputtering nickel 
vanadium layer. 

12. The under-ball-metallurgy layer of claim 6, Wherein 
the Wettable layer is farmed by sputtering, electroplating or 
electroless plating. 

13. The under-ball-metallurgy layer of claim 6, Wherein 
the barrier layer includes an electroplating barrier layer. 

14. The under-ball-metallurgy layer of claim 6, Wherein 
the under-ball-metallurgy layer further includes a second 
Wettable layer made of copper or copper alloy over the 
barrier layer. 
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15. An under-ball-metallurgy layer between a bonding 
pad on a chip and a solder bump, Wherein material of the 
solder bump includes tin, the under-ball-metallurgy layer at 
least comprising: 

an adhesion layer over the bonding pad; 
a nickel-vanadium layer over the adhesion layer; 

a Wettable layer over the nickel-vanadium layer; and 

a barrier layer over the Wettable layer, Wherein the barrier 
layer is a barrier preventing the penetration of nickel 10 
atoms from the nickel-vanadium layer. 

16. The under-ball-metallurgy layer of claim 15, Wherein 
the barrier layer includes one selected from the group 
consisting of nickel, iron and cobalt. 

8 
17. The under-ball-metallurgy layer of claim 15, Wherein 

the adhesion layer includes one selected from the group 
consisting of titanium, tungsten, titanium-tungsten alloy and 
chromium. 

18. The under-ball-metallurgy layer of claim 15, Wherein 
the Wettable layer includes one selected from the group 
consisting of copper, nickel, iron and cobalt. 

19. The under-ball-metallurgy layer of claim 15, Wherein 
the under-ball-metallurgy layer may further include a second 
Wettable layer made of copper or copper alloy over the 
barrier layer. 


